Background: "habitat classification models" are invaluable tools for species conservation, land-use planning, reserve design, and meta-population assessments, particularly at broad spatial scales". Globally, there are at least 23 schemes developed for habitat classification schemes. The pioneer attempts in Egypt for classifying habitats were started by the series of Kassas giving a concern about dry lands and desertification problems. The main purpose of this paper is to: 1) present a suitable model for large scale planning to support the decision making process towards the natural resources in Egypt, 2) standardize data collection on habitats which will assist in management and conservation of the Egypt's natural heritage.
Background
"Habitat classification models (HCMs) are invaluable tools for species conservation, land-use planning, reserve design, and metapopulation assessments, particularly at broad spatial scales" (Jacob, et al. 2013) . Two basic questions must be answered before planning to conserve biodiversity:
(1) what to conserve and (2) where? With regard to what to conserve, there is still considerable debate on appropriate measures of biodiversity for conservation planning. Much attention has been given to the importance of taxonomic rank and character differences between species (Vane-Wright et al. 1991; Faith 1994) . Use of a common habitat classification scheme serves as a foundation to communicate about resources and issues between multiple stakeholders and management groups in a common language.
In accordance with the global biodiversity strategic plan (2011 -2020) developed by CBD and named AICHI biodiversity targets. Middle age professionals from the Nature Conservation Sector (NCS) within the Egyptian Environmental Affairs Agency (EEAA) work to develop a new approach toward strategic conservation oriented views to manage the natural resources in Egypt. The applied methodology that are used for habitat description -classification was based on broad scale GIS of the Egyptian lands.
Globally, there are at least 23 schemes developed for habitat classification schemes listed in Madden and Grossman (2004) . Many approaches have been developed with a particular geographic focus (Dethier 1992 for coastal Washington; Valentine et al. 2005 for the Gulf of Maine region; Greene et al. 1999 for seafloor habitats off California; Auster et al. 2005 for North Atlantic seamounts) with detailed discussion on global applicability (Auster et al. 2009 ).
In its global habitats classification hierarchy, IUCN has identified three levels of habitat hierarchy, which use familiar terms consider biogeography, latitudinal zonation and depth in marine systems. The IUCN classes include 18 classes, 100 subclasses and 8 sub-sub classes which describe the major habitat/s in which taxa occur.
The habitat classification forms an integral part of the European Nature Information System (EUNIS), developed and managed by the European Topic Centre for Nature Protection and Biodiversity (ETC/NPB in Paris) (Davies and Moss 2004 . It is a comprehensive system covering the terrestrial and marine habitat types of the European land mass and its surrounding seas. It is hierarchical in structure and includes a key with criteria for identification of habitats at the first three levels, (EEA 2008) . This has been achieved after a series of works for Davies and Moss (1998) , Davies and Moss 1999 , Davies and Moss 2002 , and Davies and Moss 2004 . Rodwell et al. (2013 reported about individual European countries who have often devised several habitat classifications dependent on particular policy requirements and these are not always compatible. In the UK, for example, the Phase I Habitat Classification, the Countryside Survey reporting categories (Barr et al. 1993 ) and the Biodiversity Action Plan Priority Habitats (UK Biodiversity Steering Group 1995) use different criteria for habitat definition. So their units do not bear a simple or consistent relationship to one another, nor to the standard classification of vegetation types in use in the country. In addition, the classifications of freshwater rivers (Holmes et al. 1999 ) and open waters (Duigan et al. 2006) have used different criteria for defining habitats, partly by hydrological characteristics and partly by vegetation.
In his review, Rodwell et al. (2013) introduced examples of national marine classification schemes of habitats/ biotopes that are used by European countries which include those developed by France, the Netherlands, the UK and Ireland. In France, classifications of biocenoses (the ZNIEFF-MER classification) provides a detailed typology based on the CORINE biotopes list for the metropolitan French coast and developed from the work of Pérès and Picard (1964) and Dauvin et al. (1994) . The Marine Habitat Classification for Britain and Ireland Connor et al. (1997a) , Connor et al. 2004 ) has five levels covering broad habitat types, habitat complexes, biotope complexes, biotopes and sub-biotopes. In the Netherlands, the Dutch Ecotope System for Coastal waters (Bouma et al. 2005) uses salinity, substratum, depth and hydrodynamics in a six-level system of classification. Other studies were dealt with separate issues such as: Tropics (WCMC); Wetlands (SANPI). Kassas has giving a concern about dry lands and desertification problems as one of the generally recognized global problems which translated in his efforts towards the classification of habitats in Egypt (Kassas 1999) . Vanderstraete et al. (2004) used the Remote Sensing (RS) techniques for mapping different bottom types occurring on the reef systems in the Red Sea. They calculated the 'Depth-invariant bottom indices' and form the basis for classification, besides the bottom type as an ecological classification, also a geomorphological classification is made. After contextual editing they developed an open-ended hierarchical classification scheme.
The challenge being faced for implementing any individual habitat classification approach is to develop the set of "habitat classes" that are appropriate and applicable for Egypt, then, if applicable, is to integrate these classes into a particular classification scheme. This integration step requires at least two critical decisions: The first is whether the scheme allows data aggregation within and between classification levels to meet the goals of users. The second is whether the classification scheme, if applied locally, needs to be integrated to a regional or national classification and mapping effort. These decisions will dictate which classification scheme is used and the structure of the resulting scheme for local application (Auster et al. 2009 ).
The habitat classification models presented in this work was derived from several sources (e.g., British Oceanographic Data Centre (BODC -NASA -FAO -Consortium for Spatial Information -WCMC -etc.). The main purpose of this paper is to: 1) present a suitable model for large scale planning to support the decision making process towards the natural resources in Egypt, 2) standardize data collection on habitats which will assist in management and conservation of the Egypt's natural heritage.
Results and discussion
The results of the mapping for the finest hierarchical level of habitats (classes) are shown in the following figures. A total of 5 main habitat systems, 12 habitat sub-system and 36 habitat classes were identified and described. Detailed analysis of the input GIS layer indicated that 4 habitat classes were described but not mapped because of their occurrences were too small to be mapped (Seasonal/Intermittent Freshwater Marshes/ Pools -Oasis and springs -caves and karst -tidepole) at the 90 m spatial resolution used in this work.
This hierarchy represents a new standardized habitats scheming for Egypt. The 36 habitats mapped through this process represent 22 % of the total number of ecosystems (163) described for Africa in 2013 (Sayer et al. 2013) . To convey a sense of the types, numbers, and distributions of habitats at the national context, Fig. 1 presents a map of the 5 main habitat systems, while Fig. 2 presents a map of the 12 habitat sub-systems and Fig. 3 presents a map of the 36 habitat classes.
As indicated in Additional file 1), the Desert habitat system represents the dominant habitat system in Egypt where it covers 868860.71 km 2 which represent 86.89 % of the total area of Egypt. The same table showed that the Fresh Water habitat system is considered the smallest habitat system in Egypt where it covers 7156.31 km 2 which represent 0.72 % of the total area of Egypt. In conclusion, the main 5 habitat systems in Egypt can be described in a decreasing order as follows: (1) 
Conclusion
These habitats classification scheme and maps of the whole Egyptian territories represent the most interactive, most current and finest spatial characterization of the Egyptian habitats available today. It considers high level units (systems) of habitats that rarely considered in other habitats classification attempts as mentioned by Franklin (1993) and Noss (1996) and it avoids to classify habitats based only on vegetation types or/and species communities such the work done by Kirkpatrick & Brown (1994) ; Faith and Walker (1996a) and Kassas (1999) . It was designed to support the current efforts to define the key biodiversity hotspots as well as long term planning of biodiversity (e.g., National Biodiversity Strategy & Action Plan -NBSAP) at the national level, rather than concentrate on species distribution or/and dynamics which agreed with what is concluded by Desmet et al. (1999) and Desmet et al. (1999) . This effort will be the first step to develop approach for general habitat recording rather than as a basis for detailed study and evaluation and it also could be the corner stone for a region-wide standardized habitat classification scheme in the Arab region and will serve as comprehensive basis to support the updating process of nature protection legislation.
During the development of this new scheme, the following considerations were taken into account: (1) Link physical processes to habitat distributions: where the scheme link historic and extent physical processes to distribution of habitats (e.g., coastal dunes to sand mounts habitat); (2) Unique and repeatable classification units at all levels: where each level of the classification scheme is unique and unambiguous to insure clear derivations of habitat type. (3) A clearly defined nomenclature: where nomenclature used in the classification scheme is exacting and clearly constrain the meaning of terms and an initial glossary of terms agreed upon and implemented by users; (4) accommodate diverse sources of data: where geospatial habitat data take many forms such as land cover and abundance data; satellite imaging; grain size and sediment type. It also robust and allow classification at many levels based on a diversity of data sources.
One of the major outputs of this present scheme is to define the boundaries of the three classes (epipelagicmesopelagic -bathypelagic) of the pelagic sub-system. Where bathypelagic habitat class represents the dominant habitat in pelagic sub-system in both the Mediterranean Sea and Red Sea and it covers 115,066 km 2 , which represent 43.05 % of the total area of the pelagic sub-system in both seas (Annex (5)). The same annex showed that the epipelagic habitat class represents the least dominant habitat in pelagic sub-system in both the Mediterranean Sea and Red Sea where it covers 32,270 km 2 , which represent 20.45 % of the total area of the pelagic sub-system in both seas.
Fig. 3 Egyptian habitat Classes
The new habitat mapping/scheming for Egypt, which developed in the present study, has considerable potential utility for conservation priority setting not only for the Ministry of Environment but also for other Egyptian authorities and institutes. This new habitat mapping/scheming could be used to design and update a set of new strategies and update the existing protected areas network in order to achieve the commitments toward international conventions. This mapping system may also be suitable to evaluate the protected areas system representativeness, climate change impacts studies which focus on the relationship between climate variability and ecosystem condition and distribution. The new habitat maps, developed in the current study, will act as a base for updating the national monitoring system and could help in logic interpretation of species assemblages for fauna and flora types in Egypt. These maps could be used in biodiversity assessment on a national scale.
Therefore, we recommend using such new habitats classification scheme for Egypt as the basis for defining habitats thresholds at the national level which will be further studied by the authors of this work at the national level. With the failure to meet 2010 targets for halting losses in biodiversity through conservation of rare and endangered habitats, the provision of biophysical maps of ecosystem services at the national level is regarded as a crucial step in setting new targets for biodiversity, which the findings from this work could assist. It is therefore important to consider how habitats scheming or classification might relate to the measurement of ecosystem services and their visualization in spatially explicit maps.
It is recommended to link habitat classification and mapping efforts in Egypt to regional and global approaches. It should be able to evaluate environmental problems at local scales (e.g., invasive species, fisheries, impacts of development) might benefit from the ability to link national to regional scale data. These "intermediate" products are useful for a variety of land planning and resource management applications apart from ecosystem delineation and conservation priority setting in Egypt and Aichi Targets.
Methods
In order to have an ideal habitat classification scheme for Egypt, specific characteristics were modified from those of Madden and Grossman (2004) Auster et al. (2009) as follow: (1) Setting geographical boundaries (the classification had geographical boundaries that are based on physical and biota community characteristics); (2) Exhibit a nested hierarchy (the classification scheme allows for geospatial data at lower/finer levels -classes -in the scheme to be easily aggregated into higher/coarser levels -systems).
Methodology is divided into two parts according to the point of view of the ecology/eco-regions and the GIS/RS:
(1) regarding to the ecology/eco-regions where different aspects of the landscape (e.g., soil, geomorphology, land use, elevation, urban) is combined in order to introduce habitat classes of (Artificial, marine and wetland, fresh) systems; (2) regarding to the GIS/RS: there is a combination of input datasets produced based on a total of 53 unique gridcodes and identification codes for each grid cell. In addition vector polygons were created from contiguous raster cells with the same gridcode in a standard raster-topolygon conversion, and these habitats were labeled to produce a total of 53 unique, mapped, multi-occurrence ecosystems for Egypt.
DEM were used by special equations in order to detect the habitat classes of the desert system (e.g., (DEM > =1000), (DEM > =500) AND (DEM < 1000) (DEM > =0) AND (DEM < 200)) to obtain Mountains, Hills and Plateaus and Plain Areas classes (Additional file 3). The labeling process, although intended to be automated, was complicated due to a strong many-toone relationship between gridcodes and habitat types. The automated search for specific habitats based on their expected elevation, landform, geology, and land cover characteristics was confounded by habitats systems with multiple class values in the data input variables (e.g., the same habitat system could exist in elevation classes 0-500 m, and 500-1000 m). Gridcodes not assigned into a habitat class by the automated labeling procedure described above were therefore subsequently labeled in a manual, interpretive process which considered gridcode similarity (i.e., variation in class values in input variables), and in particular, similarity in land cover types.
The images used in this work have been downloaded from USGS using Earth Explorer and GLOVIS web applications. All image processing has been conducted using Intergraph ERDAS Imagine v. 2013 and ESRI ArcGIS v. 10.2 Software. All data are in shapefile or Geotiff format, in decimal degrees unit, WGS 84 Ellipsoid and WGS84 datum (Additional file 4).
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